Development of a 6×6 Element Air-Coupled Multiple Moving Membrane Capacitive Micromachined Ultrasonic Transducer Array, M3-CMUT, for High Resolution Detection Applications  by Emadi, T.A. & Buchanan, D.A.
 Procedia Engineering  87 ( 2014 )  50 – 53 
1877-7058 © 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the scientific committee of Eurosensors 2014
doi: 10.1016/j.proeng.2014.11.263 
ScienceDirect
Available online at www.sciencedirect.com
EUROSENSORS 2014, the XXVIII edition of the conference series 
Development of a 6×6 Element Air-Coupled Multiple Moving 
Membrane Capacitive Micromachined Ultrasonic Transducer Array, 
M3-CMUT, for High Resolution Detection Applications 
T. A. Emadi, D. A. Buchanan* 
Department of Electrical and Computer Engineering, University of Manitoba, 75 Chancellor’s Circle, Winnipeg, R3T 5V6, Canada 
 
Abstract 
A 2-D multiple moving membrane capacitive micromachined ultrasonic transducer (M3-CMUT) array has been developed for 
air-coupled detection purposes in the megahertz frequency range. The transducer includes an array of 6×6 M3-CMUT elements. 
This transducer benefits from a novel configuration where a stack of two vibrating membranes suspended over a fixed grounded 
electrode are involved in the signal transmission and detection. Using this configuration, the amplitude of membrane vibration is 
increased and that enhances the transducer power output and sensitivity. Electrical and acoustic characterization of this 
transducer array is presented in this paper.  
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Nomenclature 
fr First natural resonant frequency 
N  Number of elements in a row 
rMem Effective membrane radius 
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1. Multiple Moving Membrane Capacitive Micromachined Ultrasonic Transducer, M3-CMUT 
Capacitive micromachined ultrasonic transducers (CMUTs) have been proposed as an alternative to piezoelectric 
transducers [1]. Air-coupled capacitive transducers can be fabricated using various fabrication techniques, such as 
surface micromachined sacrificial technique [2]. The conventional CMUT cell structure includes a flexible 
membrane and grounded fixed electrode and can be modeled as a parallel plate capacitor. However, capacitive 
transducers can be fabricated using a novel technology employing multiple moving membranes, M3-CMUTs [3]. In 
this configuration and due to the presence of additional membranes, the transducer pull down voltage is reduced 
while the membrane vibration amplitude is enhanced [4]. 
In this paper, a 6×6 M3-CMUT transducer array was developed using a MEMS sacrificial fabrication process 
(PolyMUMPs) [5]. Each cell has an effective membrane radius of 65 Pm and is spaced 5 Pm from its neighbor’s 
support to the substrate.  
2. Transducer Characterization 
Electrical and acoustic measurements have been conducted to characterize the developed M3-CMUT transducer 
array. In Fig. 1a the real part of the impedance of the transducer array is illustrated for DC voltages between 0 V to 
25 V. The first natural resonant frequency of the transducers was found to be 1.2 MHz. In Fig. 1b, the differential 
capacitance of the transducer array is presented at different bias voltages and close to the transducer first natural 
resonant frequency.  
Acoustic characterization was conducted by exciting the transducer array with a 5 cycle burst signal at 1.2 MHz. 
A commercial air-transducer (CAP5 from VN Instruments Inc.) was employed to capture the transmitted signal. In 
Fig. 2a the measured transmitted signal, at a 5 mm distance from the transducer array center, is illustrated. The 
second and third signal reflections are also shown in Fig. 2a. These are the waves reflected from the transducer 
surface and captured by the commercial transducer, traveling three and five times the distance of the originally 
transmitted signal. In Fig. 2b the Fourier transform of the received signal is presented and indicates a center 
frequency of 1.2 MHz, consistent with the ac signal used to vibrate the transducer membrane. 
In order to investigate the beam pattern of the developed transducer, the acoustic power was measured in both 
axial and lateral directions. In Fig. 3a amplitude of the air transmitted M3-CMUT array signal at 1.2 MHz in axial 
direction is shown as a function of the distance away from the transducer array center. In Fig. 3b, the amplitude of 
the transmitted signal in lateral direction is presented at a constant distance of 8 mm from the transducer surface. 
It was observed that for DC bias levels as low as 10 V superimposed on only a 5 V peak-peak ac signal, the 
acoustic signal can be transmitted tens of millimeters.  
 
        
Fig. 1. (a) Differential real part of the impedance of M3-CMUT array at DC bias levels from 0 to 25 V superimposed by an ac signal of 50 mV. 
(b)  Differential capacitance of M3-CMUT array close to its first natural resonant frequency (1.2 MHz) at different DC bias level. 
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Fig. 2. (a) Five-cycle burst ultrasonic signal (1st received signal) transmitted in air at 1.2 MHz by a 6×6 M3-CMUT array. The ultrasonic signal is 
received by a commercial air-coupled transducer (CAP5 – VN Instruments Inc.) at a distance of 5 mm from M3-CMUT array. The 2nd and 3rd 
received signals are the reflected waves from the surface of transducer. (b) Fourier transform of the transmitted ultrasonic signal (shown in Fig. 
2a) by a M3-CMUT array biased with a 5 V peak-peak 1.2 MHz ac signal superimposed on a 20 V DC bias applied to the top membrane. The 
Fourier transform of the signal captured by the commercial CAP5 detector, 5 mm from the M3-CMUT shows a center frequency of 1.18 MHz. 
          
Fig. 3. (a) Amplitude of the air transmitted M3-CMUT array signal at 1.2 MHz in axial direction, as a function of the distance away from the 
transducer array center. (b) Amplitude of the air transmitted signal by the M3-CMUT array in lateral direction, at a constant distance of 8 mm 
from the transducer surface. 
3. Conclusions 
In his paper, a new transducer cell configuration is used to develop a high performance transducer array in the 
low megahertz range. Unlike conventional CMUTs, this transducer uses two vibrating membranes in its cell 
structure. The 6×6 M3-CMUT array has been fabricated using MEMS sacrificial techniques.  
The transducer output power has been measured in both the axial and lateral directions in the far-field region, and 
for a DC bias as low as 10V superimposed with a 5V ac at 1.2MHz. Despite the relatively small number of elements 
in this transducer array, the results suggest that these transducers can be beneficial for applications where sensitivity 
is a concern, and they overcome the high input power required by conventional CMUTs. 
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